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ABSTRACT 



A oreliTinary analysis of soTie human factors as they re- 
late to Command ana Control (C2) is oerformed. A general 
model of a C2 system is discussed^ ana a node within that 
system is isolated for further study. The human factors of 
informational loading, informational relevancy, and data 
availability are discussed and then an experiment is per- 
formed to ascertain whether any relationships exist between 
these factors. Comments on the test procedures and the ex- 
perimental medium used, the wES (»‘«arfare Effectiveness Simu- 
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I. INTRODUCTION 



An S3- A Viking on ASw oatpol ahead of a carrier task 
grouo in the eastern '-’eoiterranean oicks ud a hostile air 
search radar on its £SM (electronic sensory measures) gear. 
This information is relayed to the ASW air control ship 
which in turn alerts the task group commander on the EW 
(electronic warfare) net. The task arouo commander orders 
the duty AEn (airborne early warning) aircraft to alter its 
flight Pattern to attempt to get a visual/radar fix on the 
intruder. The A£ aircraft gets a radar contact and an ESM 
LOB (line of bearing) that Correlates with the contact. 
These bo-th correlate with the S3-A's initial intercept. The 
AEv'^l aircraft enters a hostile surface symbol into the ship- 
aircraft data link at the correct Position and the hostile 
is now on the scopes of all NTOS (navy tactical data system) 
eouioped shios. The task grouo commander now orders one of 
the SAG (surface action grouo) units to enqaoe the hostile 
with Harooon missiles. Scratch one hostile platform. 

This is the tactical OTH (over the horizon) targeting 
oroblem solved (under ideal conditions) by command and con- 
trol assets currently available to the fleet. The task group 
commander, utilizing raoid correlation of information 
derived from sensors external to his flagship, evaluates and 
prosecutes a hostile olatform beyond the range of his own 
shipboard sensors. The SAG unit has fired upon a hostile 
olatform its own sensors have not detected, but based on in- 
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formation readily available via its NFDS link with the car- 
rier and the *E.^i aircraft. A classic examole of command and 
cont rol at wor< . 

Command and control (C2) assets have frailties too/ sus- 
ceotibility to jammino and to deceotion/ lack of available 
data# and vu 1 ne r ao i 1 i t v to damage/ just to mention a few. In 
order to guard against system frailties we must understand 
how the System/ or parts of it/ functions in time of stress. 
If we can begin to observe how the system functions/ we may 
be able to decipher which oarts of the system are most cru- 
cial to the good oerformance of such a system. This paper 
will attempt to isolate a oortion of a C2 system and will 
analyze and attemot .to predict its actions under various 
conditions of stress through the use of gaming and simula- 
tion technigues. 



7 






••{’•* ! I "■ >?a«yf. . '.-Jiii::,' « 

WliiiiSi! 

liSliliBH'M 




T. , r^-’v .. -V C 1 r.^SVr^' 



i C r T r' ’ ^ ^ ;- r- ^ ( c V ^ e Ti c ^ n r • s/ i p p h p 5 p ] p p p ^ 

:7 o r> H ^ r o ‘j s •'' ' i s ^ ^ ^ r ^ »/ 3 n V ^ a n f ^ to t o o 1 n o f r i s e r t , 

1 t j n o , c 0 ^ 1 ^ ' I o / ^ '^ ^ < ? ^ e > t p r f t- t t <=» p ^ n c: invulner- 
able. V tho ^pppt: nas rict oei^n cuu'-iht. The 

f^ain thrus’* of ^^is st-j-^v /;i)l r" n'recte'i not at an entire 

c ?ySteo^ ryj T r^t^-^p ^ r nt its '^qr'iy corr^lex oartS^ that 

onint ^-:cnine interact to create a oecision 

nr a e r i ^ •: ^ c i - ] p ^ 'm c ^ T '-ill call a deci^inn point • 

^ 'decision '^:>io*' c'^n r^'-^u'':''^ n ^ r-ic existing at any of 

vario'ja lav^ls r c’’'ai^ coo'^ann. f-nr ^^vaTole/ con- 
sider toe (ra^ar intercect officer) in tne bac< seat of 

pn F-]'-i^ ^ CIC (con bit infopTation renter) abeam a shio^ or 

a IF’CC (task '^orc<=' center) aOoar'^ an aircraft car- 

pi r . 



To ^aciiit-^*"e oiscussion /><o should first take a 

loo< at ^n'lt tr-»e oenr^rai <;npc^ nt a r 2 S'/sten is and observe 
h o V s o n P c t its T a s 1 c ^ • i ^ c *“ i o n s interact, v*. e will need to 
poppp nn so'^p nasir ':e^iri tiros for this cJiscussion^ oegin- 
nino with .Nhit pxact)v is C? syste-r. ^ n r the ourrose of 
this study r ^e snp|l pofinp it as a system that is caoable 
extracti^' Oita fror tne environnentf sortina and anilyz- 
ino that i*^ta, pni ois^ino that refined J3ta (information) 
on to a d e c i 1 i o o o i n t , d f r p p tne a e c i s i c n s are m a o e f r h e 
s V s t e n rust r- P c n o a ' 1 n f o a s s i m t ri a t decision on to tne 
acononriat^ '^Ction vjrnts tn^t ran interact with the environ- 
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1 o n f in ^ c C ^ r ^ ^ C ^ ^ i h n c ^ 

f r, o t ^ ^ \/ i r ^ ^ ^ r AS ii 

t " A f 1 T ^ / A ! ^ ^ "7 S 

r. * i) A i A ^ '' 1 ^ i ? ^ c r ”0 ^ ^ 

3 n y o ^ =5 ^ S * ? »: n A o r s . In-:? 

c n a n } e ov ^‘^fnc-ijl-^tiors so^e "">v 
actors rareiv^ or inMo^oce 

tile a c t o r s / ". o •' 5 ; e / v i M re 

\/ i r c n T> e n f ^ r t- o ^ r j .3 n C -=^ ' » 

t r i -i o 0 I V S e • ' S • ') r s o t i n ^ o r r ^ 

t ^ 1 S 0 or C O " ^ M 0 *' 1 rt - > ^ ^ , /'• 1 ^ O 

oe the tactic ot overlor3iino rr 
a t t e ■ ^ o r to o o 1 o o ^-; n 3 C 2 s v s ^ e t 
various sc'jrc-^s or :s^a^ sue 
t f 1 e I :i or o ■ c f " 3 M i s r i c 

t ) ra<^^ar ai^p. 



1 s 1 on s • 

pj herein^ refers to the cb^ 
our svst<^^)- It 3 1705 rise 

const^otlv varvino, a ■'^ou nr 
''i-"'val / rhe svstpo tnrouoh 

environ rreot is Sut^jpCt to 
actors, ^rienoly and neutral 
30 un^avoranlo change. Ifos- 
^trc^T.ntino to change the ^^n- 
1 c h /^j o u I n T e a n o e 0 r i v i n a 
on f or c- r 0 s e n t 1 n a t c e r' v*/ i t h 
to 3 o r e s s e 0 later i 1 1 

e n V i T o r n e n t with data in an 
sensor can he one of 
as a^ intellioer^ce aoent in 
•’ i 5 s 1 ] e early /' arninn Sys- 



0nee r r seosorQ f-::»vo ^utopreu 'iata frori the environ- 
"“^nt/ it in res3^j aio^:; tne o^ta Mnks or otner cotr-rujoi ca- 
tions ^9003 to e p^pppi^fj^r ooinr, [nouts to a correlation 
mint can co^o <;Gpc;ors or f ro'^ other correlation 

mints- be r ^ tn^ ^Viilao'^e data anj raw inforTation are as- 
similate Of v^^rmioj r^toPTatt^o 3S orocesseo infcmation 

that can c 0 r a i I y u s^o ^ o aid in a decision nr a '< i n o o r q - 
enss- This in-^ori, IS con,/ 07 p'’ via so^e co'omunications 

svsteT to a i=^ci3ico o^jot-. '^cision^ eng necessary intomia- 
tion are th-'^r*t ppl^you m Aoitinn action units- The envirorm- 
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15 ^ -c^.ors/ T 5»‘3 ^ecc^es avoilaole/ 

an.') f h e c V c ^ ^ ^ j c ? - ^ 1 ^ u r e I T - -^1 n H i c a 1 1 V s n r .-V 5 the 

\ S t e •') ^ / r '-' 3 - - n ^ ^ 

'Hi r r !i $ V 5 " i* ^ ^ 5 ^ f' e 5 1 c ? e r r 1 n n c r ^ c t e r i s r i c s 

3 n -'* ] 1 HM r e ^ 1 0 ^ ^ s c t- ,,/ o s r' o *j I i t -3 -T) 1 ] 1 ^ r i ^ e o u r s e H/ e s a; i t n . 

<^s is trj'^ svsHe^ 0t rivals -iith flows ani Quanti- 
ties (Her^ ot in^or'^ati'^n)/ thi<; svstpn is sensitive to 

Overlo^OinOf 50 otjr s^'i'^v snouin t^iS/ anrj the si- 

tu3tion a;i 11 "^isc^jss^'i in ^ :) r ^ 'jptail in L haoter III. 

. ' 3 r A f 1 o s r ^ ^ u a ^ r - ^ s y ^ t - 3 •- 0 3 5 e ^ 5 o r s u n ^ and at 

p5Ch rcint- ii *.-><^ari3nc-»3 S3’'*'r tire '*<p10v attrirutaole to 
C'^i'Tunicatior'. 3 reliv M'^e, correlation creeps f hunan over- 
si o h t r or even e o 1 ’* o i o o o n ^ o 1 " s v n o r o rp e . This tine o e - 

lav reflects on "era's true Aorth/ since the less delay 

t^e inforr''htion ^33 ^ssocia^oo wi^'^i itf tr^ Tiore aonropriate 
t^^e oecisio'^s hise:: o*^ it are li<nlv to re. A classic exari- 
rl-» of this is foi^’ i^ oroc^lnn of dfn tarcetino^ where 

i'-'tor'T'arico vonlv 'rin. it es oi'i ^ av ce tactically useless. 
Another p x 1 o 1 » is t h 3 t Of t ^ ) ■ • C C ( ■ ' a t i n p 3 } i 1 i t a r y L o t - 

-r A p H Center) 3 3 t l i n p j a 1 a / e 1 1 n t o r ti a t i o n a t' o u t an i n - 

oronress nvjcleir since rhp ^ C C will only exist tor 

scant o i n u t e s h u r i n o s i.i c n 3 n a t t a c . 

Hur C(^ svst-^^r is, of course^ also vulneraole to physi- 
cal vda^aie. Sv.itAijir^ 3 , ■'r'^un*'< stations^ Ticrowave networl^s 
AH'" orouno can In ap^ 3!! vy.jipppAnlo fp saootane, t‘Ap (elec- 
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FIGURE Il-a 
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fr> -vc;^e'" oerforr.j'^ce. ^or f^e 't. c^ent t^at 

s y s t a o ;=> r 0 ^ 1 n c is . •=» a s > j r i ^ y s o T e c o n i n a t i o n o 

i ^ / V 0 1 u ^ M t 1 a " a p a 3 u r ^ “ p n ^ t h ^ e 1 i t. i n a t i n n any 

:.^ O 1 p C or ] ^ '^ < i 1 - s ✓ a r p v' i p • j ^ ) y q p r -j p r> 3 its oerfor- 

"" 1 p c e • 

Tnerp is ^ •pif^are'^c^ <^en trie outout o ^ sepsors and 

t n<=^ outPijc of po^ral^l'^pr^ roip^s fpa^a vs refined data or 
i’^fon*a^‘ipp)» *^ut 1^ .'v'^ ^ccppr r^e otitnut of hot-d as a 

r i r e / V 0 1 ij p' e M o o ^ i p ^ 0 r n =» t i o n to n e r e f i n e d at the next 
n " e u c t h ■ 3 c ^ 1 o ^ 3 p a ^ ^ '5 / 0 p r- p ♦; p 5 h c ’ j 1 o 3 o p e a P to 

r*^ray^ in Pt si''’i'':«r in nijr P 3 C"' 0 'Syste'^ \/ie'.^« Tne 

-n n ■ 1 o I in 1 n j r ^ ^ f .''hip-, p a ^ e n p a s i c i ri our discussion 

c^ the. ov^ral) structure^ is still nnuch too coToli- 



c 3 1 e d 


t o 


s t u 


'5 V 


i n 


T -=» o t n 


3 s a 


s 


i n 0 1 


1 a 


e n t 


i t V 


. In order 


t 0 


J us- 


t i ^ i y 




r e 


n ^ r 


r 0 •' 


'10.1 n p 


,! n 0 ^ 




o u r 


t i 


e 1 o 


o f 


s t u d V of 


the 


3 vs- 


t a - , 


we 


are 


•nc 1 


n 3 


to 0 


? o 


o 


5 t a t 


' 1 i 


S n 


and 


j u s t i f Y 


one 


n e w 


n f's. r>‘ 


o t , 


n a 


1 


V 


t n a f a 


p e c i 


s 


1 o n 


c P 


1 n t 


i s 


merely a 


soec 1 a 1 - 



i?ed pp evolved f'^pp ^ f correlation ooint. To this end/ let 
liS take a clos'^n loo< at functions of the two. 



f n o 


f u p C t 1 on 


of n conr^lation 


O 0 i n ^ is 


to a < e 


inputs 


any 


n u ^ r e r 0 


f various s nu rc e< 


and anal 


vze these 


i nr u t s . 



inputs car pp'^e oir'^ctly se'^isors or th«v can come from 

ot'^er correla^i'^n opin^s, To^ <^v^luation crocess consists of 
ta*ino infcr”0ti3n -^v3ila‘^]<=» end riet.=>rminiPo w nether or not 
it 13 consistent o *'0 3 r in'^oPTation op tne same subject/ 

or , if not/ Ti'^urip:, p'jt shat tne sioniticance of the 
difference is. I'issimil^^r oortions of inforration are rieced 
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t o a t ^ ^ r / f i t ] r> r r r o ^ e v/ 1 c r' t e o \/ e ^ ) 1 o i c t u r e of 

A ^ 3 r i ^ r. H o : ' i n ^'* / *» n t ^ n , ^ f r p r the i n i f i a 1 o i C t U r p is 

C^'-PTf to <-^^r "JCC^irpt-- rrpc<' c f t ^ 3 t picfurp* pyaTT- 

o i ^ f t '' 1 ^ '; ? 1 1 ] •♦ a ^ o t r 0 V r C F C u 5 i n o i t ^ r a c* a »" s to 

:.i a p c. t i n c o 1 ^ a 1 r ^ f" a F- r / ? o r ^ r> r t 1 ^ a the ^ u t h- e r ^ altitude 

ano croh'er^^ tvoe f aircraft to t^e Canfi-air warfare) 

coordinator' on tne Maosrio. 

Top oJtLJLit o^ a Conr=:>lar. inn r"o i»^t is inforTation/ USU- 
aHv of a Fe5S-=‘r vntM^e tuf in a Tore reaoily ijsacle fornn 

wTicn is oasse'^ rn correlation c^oint or to a dec i son 

c^int. Tnus -r^-^ipp ac^ cnrr^lation c^int is to nro* 

c s s ana suTT^ri?^ \/olj'’es inforTation into no re 

ppsily used i'^fcrrr'at^io*^ ?no to reduce -raw ir'i format ional 
n»j I < • 

A decision ooinc tijoction? in a similar nannpr, Tt re* 
ceives incuts tro*^ various soLjrces onh oerforns so'^e basic 
^unctions o ^ co-"’Oaris^n a no i^t^rr retail cn of th^ inforra* 
tion* After tnp ir'i fcrraticr has r--^pn consolidated top deci* 
si on roiof '^'e^'onstr^r^s its uiftpppnoe from a correlation 
ccint, [p tn pass i no retinpo information/ the 

decision roif^t als'' u^ili^es its c^--n outrut of information 
to make one or more • ' n c i s i o r s b* a s e d o ^ top s 1 t u a t i vD n it o 6 ? r • 
ceives- Toe o^cisiom npccm^s cart of tne information oassed 
on to action unites anp senior unit's- 

So it a o o T a s to 1 ^ a v n 1 i n c o n c p o t that since decision 
o c i n t s an o tne correlation coints have ^Qst of thoir 
crocessps in com TOP (tnp diffpmpce r-^ino that the Oecison 
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Inputs From Sensors or Correlation Points 




FIGURE Il-b 



Basic Nodal Structure of a C2 System 
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tive scraopinq of information means that decisions are not 
based on all available information. This examole is relevant 
to the TAO (Tactical Action Officer) on a surface combatant 
in an active threat environment from submarines# surface 
ships and aircraft. His screening system (CIC) may break 
down Partially and he will be forced to do some gross and 
accordingly inefficient screening himself. 

The other human alternative would be to sense that the 
system is getting hopelessly behind and take the drastic ac- 
tion of comoletely scraooing his automated picture of the 
situation# dumping his backlog# and restarting his picture 
from scratch. An example of this would be the following: 
when NTDS units are in a multi-ship link# extraneous infor- 
mation generated by the oarticioating units will sometime 
overtax the onboard computer of one of the units# causing it 
to fall behind and show other symptoms such as the refusal 
to accept new inputs. Ry drooping out of the link# purging 
the memory of the computer and reloading the program# an 
NTDS unit can come back into the link and rebuild its tacti- 
cal information in a total time of about ten minutes. 

Our model should consider all three of these aspects of 
behavior# since most C 2 systems are man-machine tvpes. 
Another pertinent item to be considered is that of validity 
of data and data sources and the impact of these items on 
the ability of the decison makers to function, Man tends to 

4 

hedge decisions against uncertainty^ so our model should be 
sensitive to any real or perceived inequities in informa- 
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tional validity 



In suTmaryf in this chaoter we have defined the basic 
structure o a general command and control system models 
studied its functional oartSf and determined that a general 
similarity exists between its internal functional parts that 
allows us to examine one of these Darts (a correlation or 
decision point) as a general case. This leads us on to exam- 
ine in the next chapter how load and validity should affect 
this dec i s i on/c o r r e 1 a t i on ooint models and to then proceed 
to design a model for simulation of nooal behavior unaer 
conditions that might be reasonably anticipated to occur 
during a crisis. 
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III. A DISCUSSION OF FACTORS 



The correlation/decision point we examined in Chapter II 
can be thought of in one form as a command center. In shift- 
ing attention from a C2 system analysis to an analysis of a 
oarticular node within the system^ we will hereafter refer 
to the correlation/decision ooint as command center. This 
the point is at which ^*it all happens**/ the ooint where 
available incuts terminate/ and from which come the results 
of the decision making process. Here is where the man- 
machine interface exists to aid a decision maker/ and where 
the decision maker exists-* A command center cah be as simple 
and basic as a manually plotted CIC/ or as highly auto m.a ted 
as the NMCC/ but its basic function remains the same: to 
monitor the situation for which the command center is 
responsible/ and to attempt to make correct/ timely/ deci- 
sions. The ourpose of this chapter will be to examine those 
factors that affect a command center under stress conditions 
in order to develop a model that will effectively simulate a 
command center's response to stress. 

A command center is subject to stress in various forms 
that can adversely effect its performance. A command center 
can be overworked or underworked/ both of which impair ef- 
fectiveness. The higher the level of irrelevant information 
mixed in with Pertinent informat ion^ the more strain is put 
on the command center's filtering process. The amount of in- 
formation available on a subject of interest can detract 
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FIGURE Ill-a 

*Taken from Relevance and Load ; Effects on Simple and Complex 

Decision Making by S. Streufert 
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FIGURE Ill-b 

*Taken from Relevance and Load ; Effects on Simple and Complex 

Decision Making by S. Streufert 
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fo'^nation can li<pvi«i^ / itr a decision pa<in<'j pro*" 

c a - s . 

\ n o t e r i r p n r ** a p r a s r a c ^ o ^ i r ^ o r 'r a r i n n a 1 e c c u r a c v is 

rnp nerceivph ^ccj^pcv c“^ source that information. 

’;.hat haooens if t^e S'^'j^ce haS orovei to tie unreliable in 
tne oast? Ourina 'ationel /eek /XIII in the '’ed i t e r r a n e a n 

ptjrino the sum^^r ] '^7 7 r u p o 7 H ( " I simulated f i r i n q 

ha moon missiles uni^'r t‘^e oirecticn of the U b S A A * 
T M , which as ^ctin-^ as So SC Tsurface Sijr-surface coordi- 
nator). ^1] thr<=‘e vraoons r ooorlv tame tea chod were 

r u 1 e as t i s s s . 1 n =* I - C * on 'v ‘ ^ r -^a-ie entry into ^is ex- 

ercise Ico ♦'hat smce tn‘=^ 3 A t ] nr; A oi-j pnt naye an accurate 
oicture of w'^at -as cnini qp in the exercise^ the v r»i»F would 
PC 1 o n o e r fire 'p? s o o s ^ e s a s o 1 1 v on ^ ^ r a i r c t i c n s . L o o < - 

i p ^ a 0 a c X at tne i p r r o •'^ u r t i n p f v e can see our s m o o t h a n cj et- 
f i c i e n t C 2 system’ is p » i n -> j e o o j r -i i z r v s o u r c e r e 1 i a b i 1 i • 
t V f 3 c o m o 1 « t e 1 V internally n p n e r ^ t e a r r n h I m , 

An aoverserv ^as tno caondi litv of influencinc the accu- 
racy of infop'^atinn car '^etrer on Hit. t. e can distort our 
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T t T p r 1 s c n ^ ? r 1 V - 1 1 of o i 1 ^ i r ^ o r rr t i o n • Or, the 

^ t r ^ r n a r> a , o » i r t p c " n *^ ] o j i c d i a ri v a n c e s '.v i H 1 i .'^n t the a h i 1 i - 

tv of the doversarv to ] a uSr and exoerience and train- 

in: can lioit 'ms acilirv to lec^ive us. Physical da mace 

can ne r e ( ) u c o I h v o a r o a n i n o o 'j r 3 ✓ s t p o s • 

So a c c ^ ^ ^ c T n t ^ c ^ o o ^ ^ i o ' i n ^ o r r a t i c n r or t' ^ 

0 i V e n i n f o r - a t i o r - i r } <^ r:) ^ t u a M y i r a c c u r a t e or is ppp- 

c 1 V e d to op i n a c c u ^ 3 t • I n a e c i s i c n o a ^ e r m a v / by o v e r - 

si?^^ or ioexoerienco^ not oe etlo to find the information 
h‘=* neeis. ^11 this effects his actual suooly of available 

1 n f Q r a t i o n . m o -i s n o u 1 ' ^ e i n c o r o o r a ^ e r n i s into any s y s t e 'h 

Toiel? ^n a '< o^ r \ r^n <=^ ^ c r can usually uauon ho^ much 

nnre infornra^ion n ri ee'J'^ tn 3ur^ of a decisori. Tn*=^ accu~ 
racy of his ^nf'^rTltlr'^ rev not^ noA-«ver/ linear iy affect 
his d 0 1 s i o <n o r < r -> s • ^ 7 r e < a 1 e ^ a C O m 3 n ci e r r O n of\/i~ 

o ' 1 s 1 y natter ) u i -1 7 3 s 1 j 3 t i o n it n has 7 0 4 or the data 

t ^ a n if n e has ^ S < / r or i 1 ] h i 5 j u o q e rr e n t o e twice as o o o j ? 
-nv model of a systp-^ should consi^t'^r this ann oernans exam- 
ine exponential curv*^ as ^;ell< f^nd then oeterTinn our i no 

Tio^el velin^^ti on r^flec^'s r^^ilitv z nr e accurately. 

00 n o ^ V a 1 1 a i i i t V ^ i 1 1 n t- o o third ann last major 

variable t ^ a t we i 1 1 1 n c l j in our r e s r' o n s e m o u e 1 . will 

acain measure this tic ter ?. s a subjective response of a suo- 
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jeer in 3 . P C i 1 O n ^ ^ K 1 n 1 r o 1 •= - /. P 1 1 P v- p a t t ^ ^ C f f? ri t o pen- 

e r 3 ] 1 7 p 1 n c ' i I r s t ^ o i l ,:i v e 1 .1 n -3 relevancy v r o v i J i n g 
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03pp^ tQ Hp <5 rn t^e co'^oleteW aware of 

h 1 5 c LJ r r e n *• c 1 t ' i 3 t 1 c ^ ^ s n e v n o a ^ r .= position o ^ all 

ene^v unit>f A'^at i; tre s^^ptus o^ tne ^ast weaoon ^ired at 
a sunTarinpf are nj- ranars c^pi'na actively jamrrea# etc.). 



C. ShOCK h.:iCr:)P 



The las^ itor: '^ppis to ac:!ressen in our ciscus- 

sion of rp3oon=;a ?tr^5 3 13 /'^nat occurs wHen a coTfrand 

c^^ter anp its er^ “cajoht s*^ort"/ i^p, are 

C^n'^ronfpp rv eitjatir'n ievelocs raoiolv ano for 

lAnirh thev app unor‘=‘Pare-^. Tpis ^^ituaticn to St be Tpt with 
3 crisis '^anpQpToof < 3 ocroecn 3s nopcseo to the normal qaTp 
plan/ and in\/ariaolv culls jvailarle assets away fron* tf'ipir 

n o p ^ 1 t a s '< s f e r e ! 1 n o e f f i c i n c v . f P i s c o u 1 o be caused o v 

successful '♦ec‘=^otion t.^c:tics ty adversary or a breaV (. jo wn 

in the 1 n ^ ^ 1 M o. e n c ^ s \ ^ r ^ , .=^3 .v i t n s s e 'i 0 y t h f a 1 1 of t p e 

Shan of I r r 3 n , 

[nis will T/O aoupfr^ssp'J 3S a "sPock factor", fon-existent 
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t j n - o r n o r ] o n r i r ^ o c O n i r i o n s ^ it is o u r e 1 v the result 

o ^ t 0 t <f) ) s u r r n 1 s ^ i r t 1 p r' o o r e r a t i rw a n will 

tf=‘-'por 3ri]'y - *"h‘^ center since some 

n ^ r a ] ^ Ij n c ^ i ^ s u ^ r ^ ^ c j ^ c; ^ ^ .,. h i ] e a e s r o n s e to a 

nevf unan^'ic^cete^ si^eti^a is oen?rat‘=»u. ifT'cact of suer 

a '=^hoc‘< t^ctor is C'jrrei^^ly unoetin^'r': anO unexclorerl, hut 

s^ouM he incorccrete^ into anv stress relate^ mociel. 

Accoroinjily «,-^o1qv our cenceot of a shock fac- 
tor info ou^' 'ronel, I*' <^iM act as a tioe-iirriteu uecraoa- 

t i ^ n of o V e a ) ] ^ ^ i c i c v • T i ^ i a I v a 1 u s will he 1 0 % he- 

n r a " 1 1 1 1 o n f o ^ a ^ i 1 1 r c» r r i o a f /v i t n the c o s s i h i 1 i t y of 

c-^an-es :iurin: r^e s'^ilysi'i cro cess. eve<^t c a cable of 

crinoino on the '‘srfoc*^ factor*' will be'oefined for this 
sfuhy as Of^e whic*^ is u^exoecteO or unoreoared for and that 
'^isruf'ts t n ^ nnr'’’.j1 activi^i^s of fhe CO ^ nano center (oeci- 
sion rr, akf3r an*^ ^is staf^l hy reouirinc an iTrreoiafe^ 

r o o t s t r a o r e S n n. r. s n . 

r. dOOFL I'. ^h•<.^C^n o \ .1) CO »S T ;^UC T Mu 



n a V i n a 1 1 s c u s s h • ’ • - at [ fnel .ir^ fcp i'^rortant variah, les 

fn De inclu('’0'i in nur co'^'-'ani center resoonse nnodelf it is 
no^ ti^e to pxa'pinc* r a varian]<=‘S shoulcf interact. 

S 1 c e we are n e a 1 i n o - i t n surjective i n o u t s / we might want 
tn offer a Cf^nice sf rnat con ne eauateo to a 

f u ^ ^ h e r s u o I C V i r r u f . If askin'. ♦“ n e a u e 5 f i o / " U n a 

SC=)M of 1 ^n ir, nas vnwr nav you niont expect 

to aet a reasnnarM r^soors-=‘ nt an indivioual's subjective 
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C I - n c V ) . • ^ ‘ M ^ ^ 1 > V ^ r 9 '1 e c 1 S 1 o n ^ » r t. f-» r a r o e of 0 to 

10)^:. 

*19 /^/^ll ^tt'9'^oi’ino to relofe the final inout of the 

'r-^cisiop o^ hi3 co'^pand cent^=»r’s efficiency 

to ^is or«'v/io'j9 in Ares o^ 1 ob^» relevancy anr? data aval- 
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Reiver’s cvo^'ill “enre, o^^eo to nave our no del’s 

e'^timate cut in a ranne of 0-10 0/«* Th» first step here 

is to scale c^Oa'p t'he t^re^ '^-aior variables tc a maximal in* 
oiviiual v'llue (trarerv ensurinn no nu'^erical weioht 

a^vanraae o ^ nr> 9 v'ariarl^:^ ov'er another). In order to allov^ 
us to CO ri pare r^lnriv*^ values a mono t^e three variables^ we 
should a s s 1 h: n e a c n y ^ r i 3 *^ ] e a iv e 1 o r' t f a c t c r ; where these 
^i^icat factors up to 10, »'">is snou!'^ allou< a rax i mum 

additive value n* thr^-e variables multioli^o ty their 

w^ioht factors o^ I Oh. Tnp shoc^ factcr, a multiolicative 
variable t^at ^^f^c^s rn e nrocesSf should be multi- 

olipd by the su'^ of l^e r^ppe ~ejor variarW'^ inputs (wren in 
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0 "^. outout or of^ici^ricyr anri es* 

t i ■ a t e O 3 f M c 1 ^ C V • f j ^ S ^ C o ' I r I 1 n e n t i S n. o O o I is il- 

^i'vj--, lTi*c. ! ^ ^C'^el crocjraT’ snould 3lso ac- 
' 1 1 I ^ t o s ^ ^ ^ 1 c r -i V ^ ^ « V a r i c r* t w o o q o o p r a ^ o o 

3"'' esrirarpt] ^ e 's ^ ) r^^cori iniivi'^Udl '/a fiances 

for the orcoucticn a =» r r:raon. This co'^o lores vour d i s - 

cussion of ^"asic ^cn?l. 

F . TESr .i'E’ ^ - b 



The ■ r ^ r a ^' i I I ^ r ^ ] 1 o - r e ’■' d u r i o r p 5 of the w a r q a t e 
; f v) . ‘ ir. 3 IS c o ■ : L» r r o r i v / i r*i r p r a c t i v ^ r. u 1 r i " r 1 j v e r 

•AS^oeTe. The 'rlavprs C'^osist 0^ f»/o cocos i no t e 3 (L:lue 

ann C» ranee) ana an j^-^ire or e^ercis'e suoervisor. Eacn tean 
has a orachics oisolav ano a stvS^us Doarq to rronitor their 
torres anc contact's vir'-. addirion^ each teafn has the 

ahilit'v to ’^3r'aijvp^ ^ct-ivate or c^activate sensors^ 

0 07 to cenouef L'tilizina lorc^ v^paoo^^s oy irputting 

Q p - 3 r 9 on a c o ^ a n t e r i n a ] . I h e o a 'n p can o e o 1 a v p o a i t h 

nYistino/ conr^pi $C''^oAri3‘^ or clovers can ouild therr own 
scenario -^3roc^S‘=^s =>t ♦'re Tn\/^StTenr of t<^^S of man-hours, 

hy nui Inina ^ i ^ 3 c' la vers can lefine the ceo abili- 

ties of all sensors, ..;eor'ons, and cletformSf and can oick 
rh=> start’ inn Incat irn^ rr^p t-ne oorosin':; forces. Artificial 
iot^llinence ca^ intros ^C'^n i'^fo th«^ name via nessaoes 

fr^m thP ^xercis^ S*jc-'^vis^r to ccncerren sides, f. cmnijter 
elnorithms f'jateorin^ ^ ■ 1 1 c c ^ of sensor detect iens and 

v^=^3oons oam effects. T^o osme is free clay from the 
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FIGURE III-C 
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I- s o I u e c o a n 6* n t ^ r . 

G. C’JLLFCTM'- •> '-FGi.CT I :j:s 

H a V i n n c o ^ s ^ r u c t a *'* n ij r o ^ e 1 / we ni u s t n o vv u n rl e r t a l<r e its 

aoo Meat ion. n r m: <*o r-n this wiM use e^oerirrenta) 

n p t e o a t h e 0 f r o a ^ r ^ ^ s of a. a r a a e s using the E ^ f w a r - 

fare effpctive^^ess si^ulptor) in toe PS Lao at top i'iava) 
P'^stgraduatp Sc^ooM coMectinn ^ill '^one in three 

f^r-T^s. First/ f^rr^o-r t ^ 'ita roll^c^icn torr shown in Fig- 
ure I I M e / n ^ V t r> V O' p -■> n s 0 t a voice r e c n r g i n a o ^ significant 

e\/ents in narrative t'^rnf ann lastly ry the use of close ot:- 
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FIGURE Ill-d 



Disposition of Opposing Forces at the Start of WES Game 
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IHe catr-^ ^ rr , is .ipsi^ip. p) to ta<e a nriniTc^i 

^ ^ ' j n t o T ^ 1 ? •V '' ^ ^ r r r ^ H i cue ^ u r i n o t H p actual u 1 a v 
r * ^ap n^^-, C"!"^ ♦'iil=^ OU^ ^ V ca^c'^. i'^O fhrpp t'loc<s 

an^ t ou'^fpr^- "^ast ^^reripnce ov tne au- 

tH'jr in coll'^cricn ^ata in tlpet px.?pcises aas sHown that 

ft'p less c 0 ’^ r- 1 i c a t po a ^orfr- is^ thp tic re rpaaily it will oe 
iurino a niah concentration ^tfort cn t^e oart of the 
i^-Jiviaual \ ^ nut. fnp tacp recorner /vill be used 

to >^ote sianitira'^r evo'^rs in narrative torn- that the <'iata 

•-vcul'^ actou^'t •o^' ^es ore sea to a narrative tv re 

In: h e i n o < o o t u r'' ) . I ^ i s r. a r p ^ t i v' e C O u I a c o i n t out 
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aift^r^nt recision.Ta'cers* results 
ail C 3 S 05 . tor t-^at natter# their basic 
. e should ne aware of a learninq 
.viil re ^a^ner^^s or consecutive caries* 
r r> 1 c 1 r 3 1 V s i s / > 3 h o u 1 r be able to craw 

f c /* r r. p t o H p c i s i o r> n a r 3 in the e x - 

-“'^of^asis T-^i-rinc vdecisions# i.e* 

30 V vf ^ a V ^ e X a n 1 n 1 a r » cost c r i t i c a 1 to 

serve » to construct a rodel that V'lill 
t e T i 3 c u s 5 ^ c V a r i a r I e 5 ( 1 c a () # r e" 1 e v a n c v 

7) Ap'i TOSt i'^oort^nr ♦'o tre cecision 
i e r r ^ T e n ^ X r c h 3 ^ e r' i 1 1 discuss t a e 

pnalvsis of fret 'at a in th^ context 
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determine whether there are any consistent oatterns among 
the variables of the model that could be oractically signi- 
ficant. Once again using the root mean sauared difference 
between the subject's and the model's efficiency estimates 
as an analysis tool. 

A. EXAMINATION OF THE DATA 

This analysis of the raw data will be easier to under- 
stand if we first exolain the sequence of events that takes 
olace in the scenario. The game can essentially he bro- 
ken down into six definite time oeriods or phases. In Phase 
I the subjects (Blue commanders) establish the rules of sen- 
sor use/ and the rules of engagement; these are the initial 
inouts. In Phase II Blue makes inital contact with the 
Orange forces and Blue begins the localization orocess. In 
Phase III Orange air assets arrive and Blue's airborne ASH 
caoability is destroyed. In Phase IV preliminary attacks 
are made by Blue on Orange submarine units. In Phase V 
Orange Missiles attack Blue surface forces. Phase VI sees 
the destruction of noth Oranae submarines/ and Blue prepares 
for attacks on the Orange surface unit. 

Lookina at Figure IV-a. a Plot of the four subject's 
perceived loading levels throuahout the aame/ we see some 
baseline disparities that we might expect within a group of 
decision makers. However/ there are three definite trends 
that seemed to be followed. The load levels tend to droo off 
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FIGURE IV- 
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FIGURE IV-b 
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Game Time in Minutes 
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Game Time in Minutes 



this C o r r ^ 

> ’ I ' F L. V ^ ^ [ .* M . 

r n e i ^ t a X r r > ; r' r f' c ‘ r . f o <, ; r versions n f our rr o n 1 • 

T^e firsf v^^'^sio*^ ot tnr nn le 1 -m a s -3 s rliscussed in the las^ 

charter Clinea*" aveilaniliry' function). 1ne secono ver- 
sin'^ a ^ 0 1 ^ ^ ? n ^ r in t n a t the data a v a i I a r;i 1 i t v function 

i-*. as exvoonontiv^l in^rea^ r ^ line a r^ ^h^t is to say t^^at hav- 
in'; S 0 'i 1 a ^ a V a i ] a 1 / n r ^ ^ o } ^ ^ ^ h a none) an effective- 
ness val'jn n* /S r ir ' c '^orjo an nxc'onential curv®. A 

f 1 n T V ^ r 3 i n n ;; f T n .j n a e 1 c C n s i S t « ^ n f e n t e r 1 n q the 
relevancy tre tiah and very high resronses 

together i n s t e a 1 of o r n u r> i n a the o o t i rri u a ^ h i o h ■ a n d low 

resoons‘=s tO'ont‘'er. l^st version consisted of a coThi na- 
tion of X po s=^cnn- tniri vo'^siors. The reason these ver- 
sions vv e r e u t t o o e t ^ n ^ 3 ^ o a ♦ t e t n a s e n s i t i v i t y 

analysis of ^ x' r s i o n s in an effort to d n t e r r i n e which 
V ^ r c i n n was a c ^ u j H V e ^ n s n r to ho.'' h s 'j h j « c t 5 f u r'* c t i o n e d . 

In o r o e r t .n i p ^ ^ p -r i n ^ •%• n i c h version of the rp o a e 1 / if 
any, was consistently closnr to thn n3v t*^e SUvOjectS func- 

t i c n e d f *v e n n •: * r n o ^ 1 i .3 a s r n e "" e a s u r e of fit h e t /. e e n the 

T. 0 j e 1 *0 e n =» r a t a "*' e ^ f 1 c i '• n c i s a n 1 the s u K j e c t * s e s t i n a t e s • 

For this p u r o s I c ' s t e t a ^ r h e s t a n o a r ('< deviation 

3 , ^ t w o e n t h ? s 1 1 n j 3 ** ' s ^ f 1 ^ f ^ s a n .1 t t p o d n I ci e n r a t e (1 ef- 
ficiencies for q.jra^'ino of each :j,ane. Since I was 00 inn 

a factor analysis /;hich r^auirei runs of the data through 
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t ^ n o o P I r r 1 . U ^ ^ f , f c ^ ' J I o then c o n 5 t r i j c t a Graph of 

i n c r a S 1 n n s r> " => r i a v ' i s ^ o r e a c o a t a s ^ f run t ^ r o i j g n 



\/ r r s 1 no 
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o p 1 . T h c J r V s n t r ^ linear a n rl o p c n e n t i a I o a t a a v a i 1 a - 
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fh-^r'y tne curv‘^'=i r'^nnicpntino ^n'' iov/nlvoppnt of the int^r- 
r>o ] n r o n h i 1 ^ ^ o -i l ,f 1 o a . < ^unctions t n a t a r p u s p G to 

pnt^r rop rpjpv^nc —nr-*” ^ ^i:3iir-^ !. ’'ou recall that 

V. e a 0 e ' i ^ i ^ a x t a r a i n ^ a ^ c t r a r a n in F i c u r e [ I I - a . 

Si^ce trp'^e Vver^ conr^smn-iin:3 lines 0 ^ information in 
Figure tll-r/ it was necessary to see whether utilizing the 
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s o w e G t n i s s p "' •=■ r ^ r". ' 1 ^ c n 1 v' to 3 1 e s s e r 0 e n r e e . 

By n o i n G t n 1 3 s e r ^ 3 ^ t i \M t v analysis on the m o o. e 1 r o r i v i n g 

t^e stanOarrj ’'e7i3t'i<''o ip n rv examinina the effects of 
c a n o 1 n G some i n r'l o r f ’j r c t 1 o 3 c ^ ♦' G e •’r o G e 1 r A' e can n o a say 

th^t tre r^s'j Its ^na"" ^re interosteo in snoulo orooarlv 

from one pf ♦'ir^t V'er^io-^q of tne monc^l. The 

K ^ s e c t i o n of ^ n 1 ^ c a ta t p r i M heal a i t n what the Gate 

mav show us i'^out t'^p opcisijn in oun exoerimont. 
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FIGURE IV- 
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a o r h p i 0 o B r t p t 3 c *" n r 1 h i 1 p e r •; a i 3 r r ) of all the r u n s • 

Tp 3 t would 1 ^ 0 " us ♦‘0 t ^ p'^nctusion tnat toe ^Tount- of <iata 

availability is 0 t t r p 1 ^ a s t c o n c ® r r3 f o the s u r j e c t s t e s t e n . 
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c n s 1 c? e r e n :* n c ^ t =» -v' ^ s ^ v e 1 u e ^ ^ ^ e n > ^ n e 1 v z e o . The 

^"^'/iroo^^or in .. nnv is sicnef'S'l cnn nefin- 

j f , i 1 n f ] (j o n /^ . > » t* . t s . T r ''*> \/ 1 r o n e n t ^ n r i; f'> e > 1 3 t 3 is 

^ ^ - r i 3 s i '» ^ ^ -M i 1 ^ t n V t s r ^ i n n on . [■ S as a ».) a t a 
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a ^ • h V a r a r h i n a q ?j t t ^ ^ .^i a a t a I c a u 1 a look tor any i n c o n - 
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S c ~ n .0 r i 0 r n r ^ r C ^ C r • ** > t 9 i S '^ ■^• n S C 0 ^ 8 r i o 8 n (j a t a • 

1 > e ( ri t t ^ X ‘ S '» P ^ 5 *' V ^ a n 3 n f > ''t * h a U P ? ) . 

r I- ci p o ..'i r *■ s V 5 '■ ' V 1 ^ ^ ^ I V 3 ^ t ^ s o < j 1 ^ Q t e rl S c a ^ ^ 

z ^ p ^ I I ^ ^ ^ ^ - 1 i r . 4 _ ^ n c " If 1 > run in n s e c ‘.i n p ^ c') u e / 

c ^ 8 s 3 i M a n # r ^ a ^ I i ^ t ^ 3 s c ^ n o a u 3 n j r y c'* a r t i c i a n i" 3 ^ 

rp'^inn tne rr^aHstic. Tnp caTo is conouter 

nrive?n^ so 000 j fo»r ^xc^^ssive amounts 'manual U'npirino 

t'a^tle as-^e^'-^^'^ant nis-^^r. oears.Tne oroqran ^as the 

a n ^ e n t 1 3 e o c 0 .0 a h i 1 i ^ v n r e v i 1 n o r n e ':j - a e with c r a o h i c s as 

if ^ s c ^ a y ' h V s ^ v i 3 r ? a a n r ^ c a - ; ^ a ^ c h n c 1 c q v o ^ 

5 o n 3 o s or >1 a . n •:; c ^ n p c. -i i ) v c r e a t e c' in the h a t a t' a s e ^ 

3^'j naw neciST'^n ra -jfiliz"^^ in conr^-an^ areas 

CO evaluate their jqof.jin^ns to ttp decision makers* 

*t'S noes have s^^v^ral limitations as a research tool tor 
a oroj^ct li'«>e ours. ^irst is th‘=^ current lack of real" 

istic/ r^ff-t''e-s'"^'^l* sc‘^^ari^s. Thp force canaoilitv oarage" 
t^rs are not pns< inoortsntlv^ force comoosition 

alA-ays tavors -^lu« si-:?, .tnotnpr i^oakness is that all 

c o 'f T i.i n i c a t i o n s ire n n ^ t '* r n u n r one C ^ T t e r m i n a 1 ^ so t h p r 

i«5 nothin pj availaul^'' to 3iTul^*'e tre 1 ‘^tri'^ental effects of 
T u I t 1 p 1 e 1 i ^ *=^ s o ^ c o m u n i r ? r 1 o n 5 ( c o n f u s i o n r r e o u n o a n t or 

conflicting ran^’^^'s). i^e amount of iats p^vailahle to the 
nlavers acoears to ror^ tha-> \/>ouln! op consioereo rpalis" 

t i c f a n o! it is c p r t a i ^ 1 v n p p c « o t r 0 1 i z e 1 a n i easily attain- 
tnan •/^oul'^ .'^opraliv top case in a tactical environ" 

'Tpnt, Ihe cressuro r, fe^^'ic^l environ'^opt hoes not exist. 

factors iH co'^hin.e to eliniost'^ snme of tre pressure 
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there 9re crn-ino o^jn^, Tr r a < ti'ne to resolve inten- 
ts c ^ r> r o t 1 e ^ 3 y, a ^ o ' 3 L a n a n i r n e host o a e c c' o u t - 
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sir^t-icn p«r '=-er« ^ iS^rs evi len^ wnop cryoto 
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C. P'lP Qh* T a \' C h P*F* h'iv„, : h A 3 1" ; 3 I ' C cf 

The hu'ran lectpri ^ r ac ^ ^ r? svste'r is ono of the 

l'=‘^<=it discusse' ani iowp^rimteh sr^^as in the field. The 
prapj^^re l‘=^vel oroTr?- at r-.fi •' a. /a] Postorenuatc School is a 
rixture of tf^chpioP c o u r s a i r the a • i i t i o n of s o ^ e Ma- 
ri o n a 1 3 e c u r i ^ V - ^ f ^ i r s r o ».j r s e 3 . ^ o n I •/ i n s i o h t into h u nr a n 
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^3C^ors yvi8'^ our s^'jov coTout0r nrao^ics# 

^ s .-a r ^ ^ } e a r r e O' V.' cr^'nT (25 p^nre '=)ttr<=^ct*ive an'i 

Q • ^ T n o t '> r C-. - , j r ri n -* v -; . i C K o c ; r •'* 1 c U W i ^ '^8 3 o e n e P a t - 

0 "A 1 ^ h t r? 1 0 -• '*' r /- p n .<; o ^ O ^ v r-, o q t' r ^ r i n 5 in t n P 

it 1' >3^0 f f. s^v ^‘^^v app topo cp^'^cernea 

t^e tecrricil c ^ top ^^at [ find annoyinq 

arou^ this is «;inca a C? systa'^ is dpsianeci around a 

opcision rr> -i, ^ ^ r frae:; ] , as a nra^Uc'ite level 

e^<oert in C""? -a\.o little or nr concec^t cutsine of 

f 1 i o r tactical a p -j *:.> r a t o a- a n u a n in the s v t e vj i ] 1 

pe-^Ct i^ vnri^'.iS 

This tresis . a s u p» v-"- p !• 1 n in ^ n n t t o t* to o t' s e T v e ana 

analyze ho>; so^e hu^ \r^ oo-^^atcrs actually reHaved in a coo- 

Tanq cep<ter (an area i^ -/-’hic^ T Sad sone excerience). 

<'^lthounS rr, opp ^ r ^ :^nvernl pp^ppnnce snurces availaole (sep 

c i o 1 1 0 n r a r h V ) ' t p v v ^ r a p t ^ o s c part v a a u e / a e n ^ r a 1 / 

a'^u as a '."'nolo not- \;arv inst-pijctive. ta«.ina crachically 

opprraypi .'»yoopi-renrallv pel a ten infer ' t. ati on on loaoinq 

^ r . ^ r p 1 a V a n C V ^ C c ^ n i n i n n t r ^ i t r 'p V O a n C O n c e O t S O f 

data a V a 1 1 a o 1 i t V f I s ^ t up ^ a 1 n. n p i t n t* to a n a 1 y 2 e these 

t’^ree rrajor v^Piah'lA'^. Hr n cum t'^e la^a source vas not 
co^i c pe^ens 1 ve (as l> i u - s ^ in ' t )s a data source) I oro- 

f i ^ e 1 f r o 'T t p e '-■> m i ^ c ^ 1 1 v i n c o 1 ^ t- e a n i o r p 1 i i n a r v s t u ;j y 

of nuTan pp'^c^ions fp-*" Sc^oo apscrir^pri h(^ re- 

Hu Tan far^(ar■^ r^s^arr*- in ^np context nee as to 

n u r s u e 1 -a- i r n p e v i r a r . H t n o u i n n e is n o as q 1 a t o r o u s as 

creatino ne.*; are fnr C-? architecturp, the ran-in-the- 
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''S3 ^ r c r o t; o ) ^ P P 0 \' 1 • 1 S 0 P 1 S 1 3 h t S 1 P t Q 

p ** - a r ~ h a U 1 ^ c ^ n 7 i ^ a T ^ n p n C l s c u s s i n o 

n n - - ^ a « H n ^ A* p ^ 1 s c u 3 s J i a ^ n e r a 1 ^ o d e 1 

ex^^^inpi tne hun-an variablps ot 

an^ oata ivailaoiMty ana no/v they function 

t o ' n u n ^ c i 3 i ^ n o r n c e s s . 0 ij r n^x t s t p o 

» 

n a ■ r 1 r p ^ i t P a h i c n /j p C C tJ 1 d c e r f o p in a 

jr^ t^p a^^'pp '^‘^nM’o^na vapiat'»les riptop^ 

s an/ a^r ca^tpp^ us*^i cv cpcision na<ers 
1 ip] . 

-^ .-> r n -' M l - r t o r 1 1 s c n n 1 1 ) 1 p c a t ^ P n a h p n 

powpv^P/ Oeciuse of t^e pn\/irnn» 
^ ?3 ipri -j 3 c o 3 tnpp‘^p, '^p can only Hpr^pnMn^ 

vili: ^ n r t ^ ^ f.nsr enviro'^npnt/ ana //e 

->^oa:rr 3 *':^^p^e^t. was a ootential 

e a r P in t a »■ it a i s c n .r o o s e d p fi t i p e 1 v of 

? a i n - r j ;s t e n r n n ^ j • a c t i \/ p i n u t 3 . ^ f t e p 

o i r r 1 V i n p u ’’ s nave h e n c o p p e 1 a ^ e ri t n e 
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o r . ^ c 0 s ^ n ^ r- ; .o 1 s I" L. i ^ h i e ^ o V ^ ' e n r e ci e f i n i t i v e 

c^^^^Tent:s -»n- co'^cln.^ion-:;, 'e ^'avp carrieH 

c u r ^ ^ 1 ] o r s t M V r ^ 3 r r ^ ^ ^ < n ^ ^ , 

inis % r r K o t ^ p r ' ' r 1 ^ : e* ''’ s ^ o t ' •? r' e a '/ € r . ^ o e •"' e r a 1 

” ^ S C i" 1 1 ? n '*. -fu~ , .= 1 ^ r p f' > 3 / S t n 3 v ^ T o e '^- r> r Q V 1 ' .1 e . i . 

^ ^ r p 1 p s i o n f p e :j r a i ^ i n i i v i via! n u ti ^ n t a c f o r s and 

t'^e orot'le^-s epcou'^^-e'"-:^ rnan at-t^-’^otinn to oo research on 

fno-y>. ^ f -.p^iinj vitn huTon ^actors# sub- 

j P C ^ 1 V e 1 p P U t 3 / -in'’ :a p P V ^ n 9 i 'T p ] 1 f i p O P V 1 P O P n* p f 3 P ^ 1 C j P * 

*■ i t 1 ^ o . - ] t p <j ' p t r-. ' j r : p ^ -n c ^ t i 1 p 3 o 1 i r a t ^ p n of 

^ ^ r p ] ^ r T p ^ P ^ r ^ ^ ^ \ ' a 1 a p ! ‘-^ on a 1; r o a "i s c a ^ e 

c p ' j ] j not t ) e a c c n »• o 1 1 ^ ^ 1 r ^ n -'‘ r e is s i i r f i o i ^ n t r e r i t in t h o 

'Apr< to ir; arrant conside'^'i^iop of exoarinenta] red*esign and 
fort-ner studi*^s in tnis ^ ^ , 
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